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(54) PLASMA PROCESSING DEVICE 

(57) In a microwave plasma processing apparatus 
that uses a radial line slot antenna, the efficiency of cool- 
ing of a shower plate is optimized and simultaneously 
the efficiency of microwave excitation is optimized, by 



causing a radiation surface of the radial line slot antenna 
to make an intimate contact with a cover plate that forms 
a part of an outer wall of the processing chamber and 
makes an intimate contact with the shower plate. 



FIG3A 



10 



< 

o 
o 

CO 

a. 



in 19A 1 7 



21A 



21 ISA 1 , 8 20 




LZ3 j IZJ 

11a 



p jo o o o o o 

- V - 11C 



'HI 



1 ( \™ ! 




Printed by Jouwe, 75001 PARIS <FR) 



QiucrvY-!ir> *pp 



irvmfl77A1 I > 



1 



EP 1 300 877 A1 



2 



Description 

TECHNICAL FIELD 

[0001] The present invention generally relates to plas- 
ma processing apparatuses and more particularly to a 
microwave plasma processing apparatus. 
[0002] Plasma process and plasma processing appa- 
ratus are indispensable technology for fabricating ul- 
trafine semiconductor devices of these days called deep 
submicron devices or deep subquarter micron devices 
characterized by a gate length of near 0. Ifim or less, or 
for fabricating ultra high-resolution flat-panel display de- 
vices including liquid crystal display devices. 
[0003] Conventionally, various plasma excitation 
methods have been used in plasma processing appa- 
ratuses used for fabrication of semiconductor devices 
or liquid crystal display devices. Particularly, a parallel- 
plate type high-frequency excitation plasma processing 
apparatus or an induction-coupled plasma processing 
apparatus are used commonly. However, such conven- 
tional plasma processing apparatuses have a drawback 
of non-uniform plasma formation in that the region of 
high electron density is limited, and it has been difficult 
to conduct a uniform process over the entire substrate 
surface with large processing rate, and hence with large 
throughput. This problem becomes particularly acute 
when processing a large diameter substrate. Further, 
such a conventional plasma processing device has sev- 
eral inherent problems, associated with its high electron 
temperature, in that the semiconductor devices formed 
on the substrate undergo damaging and that significant 
metal contamination is caused as a result of sputtering 
of a chamber wail. Thus, there are increasing difficulties 
in such conventional plasma processing apparatuses to 
meet for the stringent demand of further device minia- 
turization and further improvement of productivity of 
semiconductor devices or liquid crystal display devices. 
[0004] Meanwhile, there are proposals of a micro- 
wave plasma processing apparatus that uses high-den- 
sity plasma excited by a microwave electric field, in 
place of a direct-current magnetic field. For example, 
there is a proposal of a plasma processing apparatus 
that causes excitation of plasma by radiating a micro- 
wave into a processing vessel from a planar antenna 
(radial line slot antenna) having a number of slots dis- 
posed so as to form a uniform microwave, such that the 
microwave electric field causes ionization of a gas in a 
vacuum vessel. (See for example Japanese Laid-Open 
Patent Application 9-63793). In the microwave plasma 
thus excited, it is possible to realize a high plasma den- 
sity over a wide area right underneath the antenna, and 
it becomes possible to conduct uniform plasma process- 
ing in a short duration. The microwave plasma thus 
formed is characterized by low electron temperature, 
and damaging or metal contamination of the substrate 
is avoided. Further, it is possible to form uniform plasma 
over a large surface area, and it can be easily applied 



to the fabrication process of a semiconductor device us- 
ing a large diameter semiconductor substrate or targe 
size liquid crystal display device. 

5 BACKGROUND ART 

[0005] FIGS. 1 A and 1B show the construction of a 
conventional microwave plasma processing apparatus 
1 00 having such a radial line slot antenna, wherein FIG. 

10 1 a shows the microwave plasmas processing appara- 
tus in a cross-sectional view while FIG.1B shows the 
construction of the radial line slot antenna. 
[0006] Referring to FIG.1A, the microwave plasma 
processing apparatus 100 has a processing chamber 

is 101 evacuated from plural evacuation ports 116, and 
there is formed a stage 115 for holding a substrate 114 
to be processed. In order to realize uniform processing 
in the processing chamber 101, a ring-shaped space 
101 A is formed around the stage 115, and the plural 

20 evacuation ports 116 are formed fn communication with 
the foregoing space 101 A with a uniform interval, and 
hence in axial symmetry with regard to the substrate. 
Thereby, it becomes possible to evacuate the process- 
ing chamber 1 01 uniformly through the space 1 01 A and 

25 the evacuation ports 1 1 6. 

[0007] On the processing chamber 101, there is 
formed a plate 103 of plate-like form at the location cor- 
responding to the substrate 114 on the stage 115 as a 
part of the outer wall of the processing chamber 1 01 via 

30 a seal ring 1 09, wherein the shower plate 1 03 is formed 
of a dielectric material of small loss and includes a large 
number of apertures 1 07. Further, a cover plate 1 02 also 
of a dielectric material of small loss is provided on the 
outer side of the shower plate 1 03 via another seal ring 

35 108. 

[0008] The shower plate 1 03 is formed with a passage 
1 04 of a plasma gas on the top surface thereof, and each 
of the plural apertures 1 07 are formed in communication 
with the foregoing plasma gas passage 104. Further, 

40 there is formed a plasma gas supply passage 1 06 in the 
interior of the shower plate 103 in communication with 
a plasma gas supply port 1 05 provided on the outer wall 
of the processing vessel 101. Thus, the plasma gas of 
Ar, Kr or the like supplied to the foregoing plasma gas 

45 supply port 105 is supplied to the foregoing apertures 
107 from the supply passage 106 via the passage 104 
and is released into a space 1 03B right underneath the 
shower plate 1 03 in the processing vessel 1 01 from the 
apertures 107 with substantially uniform concentration. 

so [0009] On the processing vessel 1 01 , there is provid- 
ed a radial line slot antenna 110 having a radiation sur- 
face shown in FIG . 1 B on the outer side of the cover plate 
1 02 with a separation of 4 - 5 mm from the cover plate 
1 02. The radial line slot antenna 1 1 0 is connected to an 

55 external microwave source (not shown) via a coaxial 
waveguide 110A and causes excitation of the plasma 
gas released into the space 101B by the microwave 
from the microwave source. It should be noted that the 
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gap between the cover plate 1 02 and the radiation sur- 
face of the radial line slot antenna 110 is filled with the 
air. 

[0010] The radial line slot antenna 1 10 is formed of a 
flat disk-like antenna body 11 OB connected to an outer 
waveguide of the coaxial waveguide 1 1 0A and a radia- 
tion plate 11 OC is provided on the mouth of the antenna 
body 11 OB, wherein the radiation plate 110C is formed 
with a number of slots 1 1 0a and slots 1 1 0b wherein slots 
110b are formed in a direction crossing the slots 110a 
perpendicularly as represented in FIG. 1 B. Further, a re- 
tardation plate 110D of a dielectric film of uniform thick- 
ness is inserted between the antenna body 11 OB and 
the radiation plate 1 1 C. 

[001 1 ] In the radial line slot antenna 1 1 0 of such a con- 
struction, the microwave supplied from the coaxial 
waveguide 110 spreads between the disk-like antenna 
body 11 OB and the radiation plate 110C asJt is propa- 
gated in the radial direction, wherein there occurs a 
compression of wavelength as a result of the action of 
the retardation plate 110D. Thus, by forming the slots 
1 1 0a and 1 1 0b in concentric relationship in correspond- 
ence to the wavelength of the radially propagating mi- 
crowave so as to cross perpendicularly with each other, 
it becomes possible to emit a plane wave having a cir- 
cular polarization state in a direction substantially per- 
pendicular to the radiation plate 1 1 0C. 
[0012] By using such a radial line slot antenna 110, 
uniform plasma is formed in the space 101B right un- 
derneath the shower plate 103. The high-density plas- 
ma thus formed is characterized by a low electron tem- 
perature and thus, there is caused no damaging of the 
substrate 114 and there is caused no metal contamina- 
tion as a result of the sputtering of the vessel wall of the 
processing vessel 1 01 . 

[001 3] In the plasma processing apparatus of FIG. 1 , 
it should further be noted that there is provided a con- 
ductive structure 111 in the processing vessel 101 be- 
tween the shower plate 103 and the substrate 114, 
wherein the conductive structure is formed with a 
number of nozzles 113 supplied with a processing gas 
from an external processing gas source (not shown) via 
a processing gas passage 1 1 2 formed in the processing 
vessel 101, and each of the nozzles 113 releases the 
processing gas supplied thereto into a space 101 C be- 
tween the conductive structure 111 and the substrate 
1 1 4. It should be noted that the conductive structure 1 1 1 
is formed with openings between adjacent nozzles 113 
with a size such that the plasma formed in the space 
101B passes efficiently from the space 101B to the 
space 1 01 C by way of diffusion. 
[001 4] Thus, in the case a processing gas is released 
into the space 101C from the conductive structure 111 
via the nozzles 1 1 3, the processing gas is excited by the 
high-density plasma formed in the space 101B and a 
uniform plasma processing is conducted on the sub- 
strate 114 efficiently and with high rate, without damag- 
ing the substrate or the devices on the substrate, and 



without contaminating the substrate. Further, it should 
be noted that the microwave emitted from the radial line 
slot antenna is blocked by the conductive structure and 
there is no possibility of such a microwave causes dam- 

5 aging in the substrate 114. 

[0015] Meanwhile, the density of the plasma formed 
in the space 101B can reach the order of 10 12 /cm 3 in 
such a plasma processing apparatus 110 that uses the 
radial line slot antenna 1 1 0. Thus, the shower plate 1 03 

10 is exposed to a large amount of ions and electrons con- 
stituting the high-density plasma, and the ions and elec- 
trons thus formed cause heating. The thermal flux 
caused by such ions and electrons can reach the value 
of as much as 1 - 2W/cm 2 . In view of the fact that the 

is plasma processing apparatus 1 00 is frequently operat- 
ed by maintaining the wall temperature of the process- 
ing chamber 101 to about 150°C so as to suppress for- 
mation of deposits on the processing chamber 101, 
there is caused accumulation of heat in the shower plate 

20 1 03 and the cover plate 1 02 formed of a dielectric ma- 
terial, as a result of heating of the processing chamber 
101 . As a result, there is formed a very large tempera- 
ture distribution. 

[0016] FIG.2 shows the temperature distribution 

25 formed in the shower plate 1 03 for the case the wall tem- 
perature of the processing chamber 1 01 is set to 1 50°C 
and the heat of the high-density plasma formed in the 
space 101 B has been transferred into the shower plate 
103 with a flux of IW/cm 2 . Here, the thickness of the 

30 shower plate 1 03 is set to 25mm. 

[0017] Referring to FIG.2, it can be seen that the tem- 
perature at the central part of the shower plate exceeds 
far beyond 600° C in the case a quartz glass having ther- 
mal conductivity of 1 .4W/m-K is used for the shower 

35 plate 1 03. In view of the large thermal strain associated 
with the temperature difference, it is concluded that such 
a shower plate is not suitable for practical use. In the 
case the shower plate is formed of M2O3 having thermal 
conductivity of 1 .5W/m K, or in the case of an AI2O3 

40 shower plate formed by a hot isostatic pressing (HIP) 
and having thermal conductivity of 30W/m • K, too, the 
temperature at the central part of the shower plate be- 
comes 450°C or more or 300°C or more, and a very 
large thermal strain is applied to the shower plate 103. 

43 in such a high temperature, there arises another prob- 
lem that a gas of low decomposition temperature cannot 
be used for the plasma gas because of the decomposi- 
tion. 

[0018] In the case AIN is used for the shower plate 
so 1 03, on the other hand, there occurs efficient dissipation 
of heat in the radiation direction because of the large 
thermal conductivity of 1 60W/mK, and the temperature 
rise at the central part of the shower plate 1 03 as a result 
of heat accumulation becomes minimum. 
55 [0019] Because of this reason, it has been practiced 
to use AIN for the shower plate 1 03 and also for the cov- 
er plate in the plasma processing apparatus 1 00 of FIG. 
1 that uses a radial line slot antenna. 



3 



EP 1 300 877 A1 



6 



[0020] However, AIN is a material of large dielectric 
loss, and the dielectric loss, represented in terms of tan 
5 takes the value of about 3 x 1 0" 3 . Thus, in the case the 
shower plate 103 and the cover plate 1 02 are formed of 
AIN, there is caused substantial loss in the microwave 
emitted by the antenna 110 and efficient excitation of 
plasma is not possible. In other words, the conventional 
plasma processing apparatus 1 00 of FIG. 1 has suffered 
from the problem, associated with the use of AIN for the 
shower plate 103 and the cover plate 102, in that effi- 
ciency of plasma excitation is not sufficient. As a result, 
it has been necessary to use a microwave source of 
large output power in the conventional plasma process- 
ing apparatus 100 and ignition of plasma has been dif- 
ficult. 

DISCLOSURE OF THE INVENTION 

[0021] Accordingly, It is an object of the present inven- 
tion to provide a novel and useful plasma processing 
apparatus wherein the foregoing problems are eliminat- 
ed. 

[0022] Another and more specific object of the 
present invention is to provide a plasma processing ap- 
paratus exciting plasma by using a radial line slot an- 
tenna wherein the efficiency of cooling is improved and 
simultaneously the efficiency of plasma excitation is im- 
proved. 

[0023] Another object of the present invention is to 
provide a plasma processing apparatus, comprising: 

a processing vessel defined by an outer wall and 
having a stage for holding a substrate to be proc- 
essed; 

an evacuation system coupled to said processing 
vessel; 

a plasma gas supplying part provided on said 
processing vessel as a part of said outer wall so as 
to face said substrate on said stage, said plasma 
gas supplying part comprising a shower plate facing 
said substrate on said stage at a first side thereof, 
said shower plate having a plasma gas passage 
and a plurality of apertures communicating with said 
plasma gas passage, and a cover plate provided on 
a second side of said shower plate opposite to said 
first side; 

a microwave antenna provided on said processing 
vessel in correspondence to said plasma gas sup- 
plying part in an intimate contact with said cover 
plate; and 

a microwave power source coupled to said micro- 
wave antenna electrically, 

said microwave antenna being def ined by a first out- 
er surface forming a microwave radiation surface, 
said first outer surface contracting with said cover 
plate of said plasma gas supplying part, and a sec- 
ond outer surface opposing said first outer surface. 



[0024] According to the present invention , it becomes 
possible to cool the shower plate and the coyer plate by 
thermal conduction in the thickness direction thereof by 
causing the microwave antenna such as the radial tine 

5 slot antenna to make an intimate contact with the plas- 
ma gas supplying part formed of the shower plate and 
the cover plate and functioning as a microwave trans- 
mission window. As a result, the cooling efficiency of the 
microwave plasma processing apparatus is improved 

10 significantly. As a result of the improvement of the cool- 
ing efficiency, the accumulation of heat in the shower 
plate and the cover plate is reduced substantially, and 
excessive temperature rise of the shower plate is avoid- 
ed even in the case a material of low dielectric loss such 

is as Al20 3 is used for the shower plate and the cover 
plate. Thus, the present invention can satisfy the re- 
quirement of high cooling efficiency and high plasma ex- 
citation efficiency simultaneously by using a material of 
low dielectric loss suitable for the microwave transmis- 

20 sion window, for the shower plate and the cover plate in 
the microwave plasma processing apparatus using a ra- 
dial line slot antenna. 

[0025] Another object of the present invention is to 
provide a microwave processing apparatus, comprising: 

25 

a processing vessel defined by an outer wall and 
having a stage for holding a substrate to be proc- 
essed; 

an evacuation system coupled to said processing 

30 vessel; 

a plasma gas supplying part provided on said 
processing vessel as a part of said outer wall so as 
to face said substrate on said stage, said plasma 
gas supplying part comprising a shower plate facing 

35 said substrate on said stage at a first side thereof 
and a cover plate provided on a second side of said 
shower plate opposite to said first side; 
a microwave antenna provided on said processing 
vessel in correspondence to said plasma gas sup- 

4 o plying part at an opposite thereof with respect to 
said cover plate; and 

a microwave power source coupled to said micro- 
wave antenna electrically, 

a gap between said microwave antenna and said 
45 cover plate of said plasma gas supplying part being 
sealed by a seal element, said gap being filled with 
a thermally conductive gas. 

[0026] According to the present invention, it is possi- 
so ble to facilitate heat transfer in a minute gap, which may 
be formed between the microwave antenna and the cov- 
er plate of the plasma gas supplying part in correspond- 
ence to the slots In the slot plate, or in correspondence 
to the existence of minute projections and depressions 
55 on the surface of the cover plate formed of a dielectric 
material, by confining a thermally conductive gas in such 
a gap. Thereby, the problem of local heating is avoided. 
Thus, the present invention is effective also in the case 
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the microwave antenna and the cover plate constituting 
the microwave transmission window does not make an 
intimate contact. By confining the thermally conductive 
gas with a pressure lower than the atmospheric pres- 
sure, the microwave antenna is pressed against the s 
plasma gas supplying part positively by the atmospheric 
pressure, and as a result, the microwave antenna is 
pressed intimately and positively to the plasma gas sup- 
plying part. For the thermally conductive gas, it is pref- 
erable to use He having large ionization energy in view io 
of the effect of suppressing electric discharge at the slot 
part of the slot plate. In the case He is used for the ther- 
mally conductive gas, it is preferable to confine the ther- 
mally conductive gas with a pressure of about 0.8 atm. 
[0027] Another object of the present invention is to *s 
provide a microwave plasma processing apparatus, 
comprising: 

a processing vessel defined by an outer wall and 
having a stage for holding a substrate to be proc- 20 
essed; 

an evacuation system coupled to said processing 
vessel; 

a plasma gas supplying part provided on said 
processing vessel as a part of said outer wall so as 25 
to face said substrate on said stage, said plasma 
gas supplying part comprising a shower plate facing 
said substrate on said stage at a first side thereof, 
said shower plate having a plasma gas passage 
and a plurality of apertures communicating with said 30 
plasma gas passage, and a cover plate provided on 
a second side of said shower plate opposite to said 
first side; and 

a microwave antenna provided on said processing 
vessel in correspondence to said plasma gas sup- 3s 
plying part in intimate contact with said cover plate; 
a microwave power source coupled to said micro- 
wave antenna electrically, 

a process gas supplying part disposed between 
said shower plate and said substrate on said stage, *o 
said process gas supplying part forming an opening 
causing to pass plasma formed right underneath 
said shower plate toward said substrate on said 
stage, 

said microwave antenna being defined by a first out- 
er surface contacting said cover plate of said plas- 
ma gas supplying part and forming a microwave ra- 
diation surface and a second outer surface opposite 
to said first outer surface. 

so 

[0028] It is preferable in the microwave plasma 
processing apparatus of the present invention to provide 
a process gas supplying part between said shower plate 
and said substrate on said stage so as to form an open- 
ing such that the plasma formed right underneath the 55 
shower plate can pass toward the substrate on the 
stage. By supplying a process gasj different from the 
plasma gas from such a process gas supplying part, it 



becomes possible to conduct uniform plasma CVD 
process on the substrate surface efficiently with a large 
process rate. Further, by providing a high-frequency 
power source coupled electrically to the stage, it be- 
comes possible to conduct a plasma etching process by 
driving the high-frequency power source and simultane- 
ously supplying an etching gas from the process gas 
supplying part. 

[0029] Another object of the present invention is to 
provide a microwave processing apparatus, comprising: 

a processing vessel defined by an outer wall and 
having a stage for holding a substrate to be proc- 
essed; 

an evacuation system coupled to said processing 
vessel; 

a plasma gas supplying part provided on said 
processing vessel as a part of said outer wall so as 
to face said substrate on said stage, said plasma 
gas supplying part comprising a shower plate facing 
said substrate on said stage at a first side thereof, 
said shower plate having a plasma gas passage 
and a plurality of apertures communicating with said 
plasma gas passage, and a cover plate provided on 
a second side of said shower plate opposite to said 
first side; 

a microwave antenna provided on said processing 
vessel in correspondence to said plasma gas sup- 
plying part at an opposite side thereof with respect 
to said cover plate; 

a microwave power source coupled to said micro- 
wave antenna electrically; and 
a process gas supplying part disposed between 
said shower plate and said substrate on said stage, 
said process gas supplying part forming an opening 
causing to pass plasma formed right underneath 
said shower plate toward said substrate on said 



a gap between said microwave antenna and said 
cover plate of said plasma gas supplying part being 
sealed by a seal element, said gap being confined 
with a thermally conductive gas. 

[0030] Another object of the present invention is to 
provide a plasma processing apparatus, comprising: 

a processing vessel defined by an outer wall and 
having a stage for holding a substrate to be proc- 
essed; 

an evacuation system coupled to said processing 
vessel; 

a microwave transmission window formed on a part 
of said outer wall of said processing vessel so as to 
face said substrate on said stage; 
a plasma gas inlet part supplying a plasma gas into 
said processing vessel; 

a microwave antenna coupled to said microwave 
transmission window at an outer side of said 
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processing vessel; and 

a microwave power source coupled to said micro- 
wave antenna electrically. 

said microwave antenna having a microwave radi- 
ation surface and provided on said microwave 
transmission window such that said microwave ra- 
diation surface makes a contact therewith. 

[0031 ] According to the present invention, it is not al- 
ways necessary to use said shower plate for introducing 
a plasma gas into said processing chamber. Thus, it is 
possible to form a microwave transmission window on 
a part of said outer wall of the processing chamber so 
as to face the substrate on the processing chamber and 
couple the microwave antenna to the microwave trans- 
mission window in intimate contact. In such a construc- 
tion, too, It is possible to remove the heat coming in to 
the microwave transmission window from the excited 
plasma efficiently by using the microwave antenna. 
[0032] Another object of the present invention is to 
provide a plasma processing apparatus, comprising: 

a processing vessel defined by an outer wall and 
having a stage for holding a substrate to be proc- 
essed; 

an evacuation system coupled to said processing 
vessel; 

a microwave transmission window provided on a 

part of said outer wall of said processing vessel so 

as to face said substrate on said stage; 

a plasma gas inlet part introducing a plasma gas 

into said processing vessel; 

a microwave antenna coupled to said microwave 

transmission window at an outer side of said 

processing vessel; and 

a microwave power source coupled to said micro- 
wave antenna electrically, 

a gap between a microwave radiation surface of 
said microwave antenna and said microwave trans- 
mission window is sealed by a seal element, said 
gap being filled with a thermally conductive gas. 

[0033] Another object of the present invention is to 
provide a plasma processing apparatus, comprising: 

a processing vessel defined by an outer wall and 
having a stage for holding a substrate to be proc- 
essed; 

an evacuation system coupled to said processing 
vessel; 

a microwave transmission window provided on a 
part of said outer wall of said processing vessel so 
as to face said substrate on said stage; 
a plasma gas inlet part introducing a plasma gas 
into said processing vessel; 

a microwave antenna coupled to said microwave 
transmission window at an outer side of said 
processing vessel; 



a microwave power source coupled to said micro- 
wave antenna electrically; and 
a processing gas supplying part disposed between 
said microwave transmission window and said sub- 

5 strate on said stage, said processing gas supplying 
part forming an opening causing plasma formed in 
the vicinity of said microwave transmission window 
toward said substrate on said stage, 
said microwave antenna having a microwave radi- 

10 ation surface and is provided on said microwave 
transmission window such that said microwave ra- 
diation surface makes a contact therewith. 

[0034] According to the present invention, it is not al- 
is ways necessary to use the shower plate for introducing 
a plasma gas into the processing chamber. Thus, it is 
possible to provide a microwave transmission window 
on a part of the processing chamber so as to face the 
substrate in the processing chamber and provide the mi- 
20 crowave antenna in intimate contact therewith. Accord- 
ing to such a construction, too, it is possible to remove 
the heat incoming to the microwave window from the 
excited plasma efficiently by means of the microwave 
antenna. 

25 [0035] Another object of the present invention is to 
provide a plasma processing apparatus, comprising: 

a processing vessel defined by an outer wall and 
having a stage for holding a substrate to be proc- 
30 essed; 

an evacuation system coupled to said processing 
vessel; 

a microwave window provided on a part of said out- 
er wall of said processing vessel so as to face said 

35 substrate on said stage; 

a plasma gas inlet part introducing a plasma gas 
into said processing vessel; 
a microwave antenna coupled to said microwave 
window at an outer side of said processing vessel; 

40 a microwave power source coupled to said micro- 
wave antenna electrically; and 
a process gas supplying part disposed between 
said microwave window and said substrate on said 
stage, said process gas supplying part forming an 

45 opening for causing plasma formed in the vicinity of 
the microwave transmission window to pass toward 
the substrate on said stage, 

a gap between a microwave radiation surface of 
said microwave antenna and said microwave trans- 
50 mission window is sealed by a seal element, said 
gap being filled with a thermally conductive gas. 

[0036] Other objects and further features of the 
present invention will become apparent from the follow- 
55 jng description of the best mode of implementing the in- 
vention to be made with reference to the drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0037] 

FIGS.1A and 1B are diagrams showing the con- 
struction of a conventional microwave plasma 
processing apparatus that uses a radial line slot an- 
tenna; 

FIG.2 is a diagram explaining the problems caused 
in the microwave plasma processing apparatus of 
FIG.1; 

FIGS.3A and 3B are diagrams showing the con- 
struction of a microwave plasma processing appa- 
ratus according to a first embodiment of the present 
invention; 

FIG.4 is a diagram showing the construction of a 
process gas supplying mechanism of the micro- 
wave plasma processing apparatus of FIG.3A; 
FtG.5 is a diagram showing the part near the junc- 
tion of the radial line slot antenna and the process- 
ing vessel of the microwave plasma processing ap- 
paratus of FIG. 3A; 

FIG.6 is a diagram showing the construction of the 
microwave power source coupled to the microwave 
plasma processing apparatus of FIG.3A; 
FIG. 7 is a diagram showing the construction of a 
microwave plasma processing apparatus according 
to a modification of the present invention; 
FIG. 8 is a diagram showing the construction of a 
microwave plasma processing apparatus according 
to another modification of the present invention; 
FIG.9 is a diagram showing the construction of a 
microwave plasma processing apparatus according 
to a further modification of the present invention; 
FIG. 10 is a diagram showing the construction of a 
microwave plasma processing apparatus according 
to a second embodiment of the present invention; 
FIG. 11 is a diagram showing the construction of a 
microwave plasma processing apparatus according 
to a third embodiment of the present invention; 
FIG. 12 is a diagram showing the construction of a 
semiconductor fabrication apparatus according to a 
fourth embodiment of the present invention that us- 
es the microwave plasma processing apparatus of 
FIGS.3A and 3B; 

FIG. 13 is a diagram showing the construction of an 
evacuation system of the semiconductor fabrication 
apparatus of FIG.1 2; 

FIG. 14 is a diagram showing the construction of a 
screw molecular pump used in the evacuation sys- 
tem of FIG. 13; 

FIG. 15 is a diagram showing the construction of a 
gradational lead screw pump used in the evacua- 
tion system of FIG. 13; 

FIG. 16 is a diagram showing the construction of a 
gas supply system used in a processing unit of FIG. 
13; and 

FIG. 17 is a diagram showing the construction of a 
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flow control apparatus used in the gas supply sys- 
tem of FIG.1 6. 

BEST MODE FOR IMPLEMENTING THE INVENTION 

[0038] Hereinafter, the present invention will be de- 
scribed in detail with reference to embodiments. 



[FIRST EMBODIMENT] 

10 

[0039] FIGS.3A and 3B are diagrams showing the 
construction of a microwave plasma processing appa- 
ratus 1 0 according to a first embodiment of the present 
invention. 

15 [0040] Referring to FIG.3A, the microwave plasma 
processing apparatus 1 0 includes a processing vessel 
11 and a stage 13 provided In the processing vessel 11 
for holding a substrate 1 2 to be processed by an elec- 
trostatic chuck, wherein the stage 13 is preferably 

20 formed of AIN or AI 2 O a by a hot isostatic pressing (HIP) 
process. In the processing vessel 11 , there are formed 
two or three evacuation ports 11a in a space 11 A sur- 
rounding the stage 1 3 with an equal distance, and hence 
with an axial symmetry with respect to the substrate 12 

25 on the stage 1 3. The processing vessel 1 1 is evacuated 
to a low pressure via the evacuation port 11a by a gra- 
dational lead screw pump to be explained later. 
[0041 ] The processing vessel 1 1 is preferably formed 
of an austenite stainless steel containing Al, and there 

30 is formed a protective film of aluminum oxide on the in- 
ner waif surface by an oxidizing process. Further, there 
is formed a disk-shaped shower plate 14 of dense 
At20 3 , formed by a HIP process, in the part of the outer 
wall of the processing vessel 11 corresponding to the 

35 substrate 12 as a part of the outer wall, wherein the 
shower plate 14 includes a large number of nozzle ap- 
ertures 1 4A. The AI2O3 shower plate 14 thus formed by 
a HIP process is formed by using an Y 2 0 3 additive and 
has porosity of 0.03% or less. This means that the Al 2 0 3 

40 shower plate is substantially free from pores or pinholes 
and has a very large, while not so targe as that of AIN, 
thermal conductivity for a ceramic of 30W/m • K. 
[0042] The shower plate 14 is mounted on the 
processing vessel 11 via a seal ring 11s, and a cover 

45 plate 1 5 of dense AI2O3 formed also of an HIP process 
is provided on the shower plate 14 via a seal ring 11 1. 
The shower plate 14 is formed with a depression 14B 
communicating with each of the nozzle apertures 14A 
and serving for the plasma gas passage, at the side 

50 thereof contacting with the cover plate 1 5, wherein the 
depression 14B also communicates with another plas- 
ma gas passage 1 4C formed in the interior of the shower 
plate 14 in communication with a plasma gas inlet 11p 
formed on the outer wall of the processing vessel 11 . 
55 [0043] The shower plate 14 is held by an extending 
part 11b formed on the inner wall of the processing ves- 
sel 11, wherein the extending part 11b is formed with a 
round surface at the part holding the shower plate 14 so 
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as to suppress electric discharge. 
[0044] Thus, the plasma gas such as Ar or Kr supplied 
to the plasma gas inlet 1 1 p is supplied to a space 11 B 
right underneath the shower plate 14 uniformly via the 
apertures 1 4A after being passed through the passages 
14C and 14B in the shower plate 14. 
[0045] On the cover plate 1 5, there is provided a radial 
line slot antenna 20 formed of a disk-shaped slot plate 
1 6 formed with a number of slots 1 6a and 1 6b shown in 
FIG.3B in intimate contact with the cover plate 15, a 
disk-shaped antenna body 1 7 holding the slot plate 16, 
and a retardation plate 1 8 of a dielectric material of low 
loss such as A^C^, Si0 2 or S\ 3 N 4 sandwiched between 
the slot plate 16 and the antenna body 17. The radial 
line slot antenna 20 is mounted on the processing vessel 
11 by way of a seal ring 11u, and a microwave of 
2.45GHz or 8.3 GHz frequency is fed to the radial line 
slot antenna 20 from an external microwave source (not 
shown) via a coaxial waveguide 21 . The microwave thus 
supplied is radiated into the interior of the processing 
vessel from the slots 16a and 16b on the slot plate 16 
via the cover plate 1 5 and the shower plate 1 4. Thereby, 
the microwave cause excitation of plasma in the plasma 
gas supplied from the apertures 14A in the space 11 B 
right underneath the shower plate 1 4. It should be noted 
that the cover plate 15 and the shower plate 14 are 
formed of AI 2 0 3 and function as an efficient microwave- 
transmitting window. In order to avoid plasma excitation 
in the plasma gas passages 14A - 1 4C, the plasma gas 
is held at the pressure of about 6666 Pa - 13332Pa 
(about 50 - 100Torr) in the foregoing passages 14A - 
14C. 

[0046] In order to improve intimate contact between 
the radial line slot antenna 20 and the cover plate 15, 
the microwave plasma processing apparatus 1 0 of the 
present embodiment has a ring-shaped groove 11g on 
a part of the processing vessel 11 so as to engage with 
the slot plate 16. By evacuating the groove 11g via an 
evacuation port 1 1 G communicating therewith, the pres- 
sure in the gap formed between the slot plate 16 and 
the cover plate 1 5 is reduced and the radial line slot an- 
tenna 20 is urged firmly upon the cover plate 15 by the 
atmospheric pressure. It should be noted that such a 
gap includes not only the slots 1 6a and 16b formed in 
the slot plate 1 6 but also a gap formed by other various 
reasons. It should be noted further that such a gap is 
sealed by the seal ring 11 u provided between the radial 
line slot antenna 20 and the processing vessel 11 . 
[0047] By filling the gap between the slot plate 1 6 and 
the cover plate 15 with an inert gas of small molecular 
weight via the evacuation port 1 1 G and the groove 1 1 g, 
heat transfer from the cover plate 1 5 to the slot plate 1 6 
is facilitated. Thereby, it is preferable to use He for such 
an inert gas in view of large thermal conductivity and 
large ionization energy. In the case the gap is filled with 
He, it is preferable to set the pressure to about 0.8atm. 
In the construction of FIG.3, there is provided a valve 
11V on the evacuation port 11 G for the evacuation of 



the groove 1 5g and filling of the inert gas into the groove 
15g. 

[0048] It should be noted that an outer waveguide 
tube 21 A of the coaxial waveguide 21 A is connected to 

5 the disk-shaped antenna body 1 7 while a central con- 
ductor 21 B is connected to the slot plate 1 6 via an open- 
ing formed in the retardation plate 1 8. Thus, the micro- 
wave fed to the coaxial waveguide 21 A is propagated 
in the radial direction between the antenna body 1 7 and 

10 the slot plate 16 and is emitted from the slots 16a and 
16b. 

[0049] FIG.3B shows the slots 16a and 16b formed 
on the slot plate 16. 

[0050] Referring to FIG.3B, the slots 1 6a are arranged 

15 jn a concentric manner such that there is provided a slot 
1 6b for each slot 1 6a such that the slot 1 6b crosses the 
slot 16a perpendicularly and such that the slot 16b is 
aligned concentrically with the slot 16a. The slots 16a 
and 16b are formed with an interval corresponding to 

20 the wavelength of the microwave compressed by the ra- 
diation plate 1 6 in the radial direction of the slot plate 
16, and as a result, the microwave is radiated from the 
slot plate 1 6 in the form of a near plane wave. Because 
the slots 1 6a and the slots 1 6b are formed in the mutu- 

25 ally perpendicular relationship, the microwave thus ra- 
diated form a circularly polarized wave including two 
perpendicular polarization components. 
[0051] In the plasma processing apparatus 1 0 of FIG. 
3A, there is provided a cooling block 19 formed with a 

30 cooling water passage 1 9A on the antenna body 1 7, and 
the heat accumulated in the shower plate 1 4 is absorbed 
via the radial tine slot antenna 20 by cooling the cooling 
block 1 9 by the cooling water in the cooling water pas- 
sage 1 9A. The cooling water passage 1 9A is formed on 

35 the cooling block 1 9 in a spiral form, and cooling water 
having a controlled oxidation-reduction potential is sup- 
plied thereto, wherein the control of the oxidation reduc- 
tion potential is achieved by eliminating oxygen dis- 
solved in the cooling water by way of bubbling of an H 2 

40 gas. 

[0052] In the microwave plasma processing appara- 
tus 10 of FIG.3A, there is further provided a process gas 
supply structure 31 in the processing vessel 11 between 
the shower plate 14 and the substrate 12 on the stage 

45 1 3, wherein the process gas supply structure 31 has gas 
passages 31 A arranged in a lattice shape and releases 
a process gas supplied from a process gas inlet port 1 1 r 
provided on the outer wall of the processing vessel 11 
through a large number of process gas nozzle apertures 

50 31 B (see FIG.4). Thereby, desired uniform substrate 
processing is achieved in a space 11 C between the 
process gas supply structure 31 and the substrate 12. 
Such substrate processing includes plasma oxidation 
processing, plasma nitridation processing, plasma ox- 

55 ynrtridation processing, and plasma CVD processing. 
Further, it is possible to conduct a reactive ion etching 
of the substrate 12 by supplying a readily decomposing 
fluorocarbon gassuch as C 4 F 8 , C S F 8 orC 4 F 6 or an etch- 
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ing gas containing F or CI and further by applying a high- 
frequency voltage to the stage 1 3 from a high-frequency 
power source 1 3A. 

[0053] In the microwave plasma processing appara- 
tus 1 0 of the present embodiment, it is possible to avoid 
deposition of reaction byproducts on the inner wall of 
the processing vessel by heating the outer wall of the 
processing vessel 11 to a temperature of about 150°C. 
Thereby, the microwave plasma processing apparatus 
10 can be operated constantly and with reliability, by 
merely conducing a dry cleaning process once a day or 
so. 

[0054] FIG.4 is a bottom view showing the construc- 
tion of the process gas supply structure 31 of FIG.3A. 
[0055] Referring to FIG.4, the process gas supply 
structure 31 is formed by a conductive body such as an 
Al alloy containing Mg or a stainless steel added with Al 
and the lattice shaped gas passage 31 A Is connected 
to the process gas inlet port 1 1 r al a process gas supply 
port 31 R and releases the process gas uniformly into 
the foregoing space 11 C from the process gas nozzle 
apertures 31 B formed at the bottom surface. Further, 
there are formed openings 31 C in the process gas sup- 
ply structure 31 between the adjacent process gas pas- 
sages 31 A for passing the plasma or the process gas 
contained in the plasma therethrough. In the case the 
process gas supply structure 31 is formed of an Al alloy 
containing Mg, it is preferable to form a fluoride film on 
the surface thereof. In the case the process gas supply- 
ing structure 31 is formed of a stainless steel added with 
Al, it is preferable to form a passivation film of aluminum 
oxide on the surface thereof. In the plasma processing 
apparatus 10 of the present invention, the energy of in- 
cident plasma is low because of the low electron tem- 
perature of the excited plasma, and the problem of metal 
contamination of the substrate 12 by the sputtering of 
the process gas supply structure 31 is avoided. Further, 
it is possible to form the process gas supply structure 
31 by a ceramic such as alumina. 
[0056] The lattice shaped process gas passages 31 A 
and the process gas nozzle apertures 31 B are formed 
so as to encompass an area slightly larger than the sub- 
strate 12 represented in FIG.4 by a broken line. By pro- 
viding the process gas supply structure 31 between the 
shower plate 14 and the substrate 12, the process gas 
is excited by the plasma and a uniform processing be- 
comes possible by using such plasma excited process 
gas. 

[0057] In the case of forming the process gas supply 
structure 31 by a conductor such as a metal, the process 
gas supply structure 31 can form a shunting plane of the 
microwave by setting the interval between the lattice 
shaped process gas passages 31 A shorter than the mi- 
crowave wavelength. In such a case, the microwave ex- 
citation of plasma takes place only in the space 1 1 B, and 
there occurs excitation of the process gas in the space 
1 1 C including the surface of the substrate 1 2 by the plas- 
ma that has caused diffusion from the excitation space 



11 B. Further, such a construction can prevent the sub- 
strate being exposed directly to the microwave at the 
time of ignition of the plasma, and thus, damaging of the 
substrate by the microwave is avoided, 
s [0058] In the microwave plasma processing appara- 
tus 1 0 of the present embodiment, the supply of the 
process gas is controlled uniformly by the process gas 
supply structure 31 , and the problem of excessive dis- 
sociation of the process gas on the surface of the sub- 
to strate 12 is eliminated. Thus, it becomes possible to 
conduct the desired substrate processing even in the 
case there is formed a structure of large aspect ratio on 
the surface of the substrate 12 up to the very bottom of 
the high aspect ratio structure. This means that the mi- 
is crowave plasma processing apparatus 1 0 is effective for 
fabricating various semiconductor devices of different 
generations characterized by different design rules. 
[0059] FIG .5 is a diagram showing a part of the plas- 
ma processing apparatus 10 of FIG.3A including the 
shower plate 14, the cover plate 15 and the radial line 
slot antenna 20. 

[0060] Referring to FIG.5, it is preferable to set the 
distance between the bottom surface of the shower 
plate 14 and the process gas supplying structure 31 to 
be equal to an integer multiple of quarter wavelength of 
the microwave for efficient excitation of plasma in the 
region right underneath the shower plate 14. By doing 
so, the anti-node of the standing wave formed between 
the process gas supply structure 31 functioning as the 
microwave shunting plane and the bottom surface of the 
shower plate 14 is located right underneath the shower 
plate 14. 

[0061] In order to avoid electric discharge at the slots 
16a and 1 6b, it is preferable that the node of the micro- 
wave emitted from the radial line slot antenna 20 is lo- 
cated coincident to the slots 16a and 16b. Further, it is 
preferable that the node is located also coincident tot eh 
bottom surface of the shower plate 14 for avoiding the 
electric discharge in the shower nozzle apertures 14A. 
Because of this reason, it is preferable to set that the 
total thickness of the shower plate 1 4 and the cover plate 
15 to be equal to one-half the wavelength of the micro- 
wave. 

[0062] By setting the thickness of the shower plate 1 4 
and the cover plate 1 5 to be equal to the quarter wave- 
length of the microwave, in particular, the node of the 
microwave is located in the vicinity of the interface be- 
tween the shower plate 14 and the cover plate 15, and 
the electric discharge in the plasma gas passage 14B, 
which is formed along this interface, is effectively sup- 
pressed. 

[0063] FIG.6 shows the schematic construction of the 
microwave source connected to the coaxial waveguide 
21 of FIG.3A. 

[0064] Referring to FIG.6, the coaxial waveguide is 
connected to an edge of the waveguide extending from 
an oscillation part 25 including therein a magnetron 25A 
oscillating at the frequency of 2.45GHz or 8.3GHz via 
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an isolator 24, a power monitor 23 and a tuner 22 in this 
order. Thus, the microwave formed by the oscillator 25 
is supplied to the radial line slot antenna 20; and the 
microwave reflected back from the high-density plasma 
formed in the plasma processing apparatus 1 0 Is re- 
turned again to the radial line slot antenna 20 after con- 
ducting an impedance adjustment by the tuner 22. Fur- 
ther, the isolator 24 is an element having directivity and 
functions so as to protect the magnetron 25A in the os- 
cillation part 25 from the reflection wave. 
[0065] In the microwave plasma processing appara- 
tus 1 0 of the present embodiment, the distance between 
the shower plate 1 4 exposed to the heat caused by the 
plasma and the cooing part is reduced substantially as 
compared with the conventional microwave plasma 
processing apparatus of FIGS. 1 A and 1 B, and as a re- 
sult, it becomes possible to use a material such as AI2O3 
having a small dielectric loss and also a small thermal 
conductivity for the microwave transmission window in 
place of AIN, which is characterized by large dielectric 
loss. Thereby, the efficiency of plasma processing and 
hence the processing rate are improved while simulta- 
neously suppressing the temperature rise of the shower 
plate. 

[0066] In the microwave plasma processing appara- 
tus 10 of the present embodiment, it should further be 
noted that the gas including the reaction byproduct 
formed in the space 11 C as a result of the substrate 
processing forms a stable gas flow to the space 1 1 A at 
the outer surrounding because of the reduced distance 
between the shower plate 14 and the substrate 12facing 
the shower plate 1 4, and the byproduct is removed from 
the space 11 C quickly. By maintaining the temperature 
of the outer wall of the processing vessel 1 1 to be about 
150°C, it becomes possible to eliminate the deposition 
of the reaction byproduct on the inner wall of the 
processing vessel 11 substantially completely, and the 
processing apparatus 1 0 becomes ready for the next 
process quickly. 

[0067] In the present embodiment, It should be noted 
that the microwave antenna 20 is not necessarily limited 
to the radial line slot antenna. For example, it is also 
possible to use a horn antenna 20B as represented in 
a modification of FIG.7. In the case the substrate 12 is 
a large-diameter substrate, in particular, it Is possible to 
arrange plural horn antennas 20B on the processing 
vessel 11 as represented in a modification of FIG.8. 
Thereby, it becomes possible to cool the cover plate 15 
and the shower plate 14 via the hom antenna 20B while 
maintaining uniformity of plasma processing. For this 
purpose, it is also possible to provide a cooling mecha- 
nism 20b on the hom antenna 20B of FIG.7 or 8. 
[0068] Further, it is afso possible to provide an air 
cooling mechanism 1 9B in place of the cooing part 1 9 
or 19A as represented in a modification of FIG.9. 



[SECOND EMBODIMENT] 

[0069] FIG. 10 shows the construction of a plasma 
processing apparatus 10A according to a second em- 
s bodiment of the present invention, wherein those parts 
explained previously are designated by the same refer- 
ence numerals and the description thereof will be omit- 
ted. 

[0070] Referring to FIG.2, the plasma processing ap- 
10 paratus 10A has a construction similar to the plasma 
processing apparatus 10 of FIGS.3A and 3B except that 
the shower plate 1 4 is removed and a gas inlet port 1 1 P 
extends into the space 1 1 B in the processing vessel 1 1 
from the gas inlet port 11 p. 
is [0071] In such a construction, too, it is possible to form 
high-density plasma in the space 11B by exciting the 
plasma gas introduced from the gas inlet port 11 P by 
the microwave supplied from the radial line slot antenna 
20. 

20 [0072] The high-density plasma thus formed may be 
somewhat inferior to the high-density plasma obtained 
for the case of using the shower plate 14 in terms of 
uniformity, but the plasma processing apparatus 10A 
has an advantageous feature of substantially simplified 

25 construction as compared with the previously explained 
plasma processing apparatus 1 0. In the present embod- 
iment, too, the heat flux incident to the cover plate 1 5 is 
absorbed by the cooling part 1 7 via the radial line slot 
antenna 20. 

30 [0073] In the plasma processing apparatus 10A of 
FIG.7, it is preferable to provide the gas inlet port 11 P 
at plural locations in symmetry with respect to the sub- 
strate for realizing as uniform plasma formation as pos- 
sible. 

35 

[THIRD EMBODIMENT] 

[0074] FIG.11 is shows the construction of a micro- 
wave plasma processing apparatus 1 0B according to a 
40 second embodiment of the present invention, wherein 
those parts in FIG.11 corresponding to the parts de- 
scribed previously are designated by the same refer- 
ence numerals and the description thereof will be omit- 
ted. 

43 [0075] Referring to FIG.11, the microwave plasma 
processing apparatus 10B of the present embodiment 
has a construction similar to that of the microwave plas- 
ma processing apparatus 1 0 of the previous embodi- 
ment, except that the process gas supply structure 13 

so js removed in the microwave plasma processing appa- 
ratus 10B of the present embodiment. Further, the ex- 
tension part 11b of the processing vessel 11 is formed 
with a round surface for avoiding electric discharge. 
[0076] In the plasma processing apparatus 10B of 

55 such a construction, the plasma formed right under- 
neath the shower plate 14 reflects the microwave, and 
thus, there occurs no problems such as the microwave 
reaching the surface of the substrate 12 or plasma is 
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excited in the region near the surface. At the time of ig- 
nition of the plasma, it is possible to avoid damaging of 
the substrate by the microwave irradiation, by increas- 
ing the pressure in the processing vessel temporarily at 
the time of the plasma ignition to a state of 1 33Pa (about 
1Torr), for example, so as to ensure plasma ignition. 
Once the plasma is ignited, the pressure inside the 
processing vessel is adjusted quickly to the process 
pressure such as 13.3Pa (about O.ITorr). 
[0077] In the plasma processing apparatus 10B, in 
which there is no process gas supply mechanism 30, it 
is necessary to provide the process gas from the plasma 
gas inlet port Uptogetherwith the plasma gas. By using 
such a construction, it is possible to conduct oxidation 
processing, nitridation processing or oxynitridation 
processing on the surface of the substrate 12. 

[FOURTH EMBODIMENT] 

[0078] FIG. 12 is a cross-sectional diagram showing 
the entire construction of a semiconductor fabrication 
apparatus 40 according to a fourth embodiment of the 
present invention wherein the semiconductor fabrica- 
tion apparatus 40 includes the microwave plasma 
processing apparatus 10 of FIGS.3A and 3B. 
[0079] • Referring to FIG. 12, the semiconductor fabri- 
cation apparatus 40 includes a vacuum transfer cham- 
ber 40 provided with a robot 405 having a transfer arm 
415, and the microwave plasma processing apparatus 
1 1 is provide on a top surface of the vacuum transfer 
chamber 401 . Thereby, the stage 13 is formed movable 
in the upward and downward directions by an elevating 
cylinder 406 surrounded by a bellows. In the state the 
stage 13 is moved to the fully lowered state, the sub- 
strate 1 2 is loaded or unloaded by the transfer arm 41 5, 
while in the state the stage 1 3 is moved to the fully lifted 
state, the stage 13 is disconnected from the vacuum 
transfer chamber 401 by a seal 41 OA and the desired 
substrate processing is conducted. 
[0080] On the vacuum transfer chamber 401 , there is 
provided a load lock chamber 402 equipped with an 
movable stage 418 movable in the upward and down- 
ward directions and holding a stack 404 of the sub- 
strates to be processed, wherein the load lock chamber 
402 is provide at a different location. In the fully lifted 
state of the stage 41 8, the load lock chamber 402 is dis- 
connected from the vacuum transfer chamber 401 by 
the seal 417, while in the fully lowered state, the sub- 
strate stack 404 is lowered into the vacuum transfer 
chamber 401 . In this state, the transfer arm 415 picks 
up a substrate from the substrate stack 404 or returns 
a processed substrate to the substrate stack 404. 
[0081 ] I n the sem (conductor fabrication apparauts 40 
of such a construction, loading and unloading of the sub- 
strate to and from the microwave plasma processing ap- 
paratus 1 0 is conducted in the vertical direction, without 
passing through the sidewall surface. Further, evacua- 
tion of the processing vessel is conducted by plural 



pumps disposed in axially symmetrical manner. Thus, 
axially symmetric formation of plasma in the processing 
vessel is guaranteed. 

[0082] FIG.1 3 shows the construction of the process- 

5 ing unit A. 

[0083] Referring to FIG.1 3, each evacuation port 11a 
of the processing vessel 11 is connected to a duct D 1t 
and the duct D 1 is evacuated by screw molecular pumps 
P 1 and P 2 each having a construction shown in FIGS. 

10 1 4A and 1 4B. The evacuation side of the screw molec- 
ular pumps P 1 and P 2 is connected to an evacuation line 
D 2 provided commonly to other processing units B and 
C of the semiconductor fabrication apparatus 40, and 
the evacuation line D 2 is connected to an evacuation 

*5 Hne D 3 connected commonly t other similar semicon- 
ductor fabrication apparatuses via an intermediate 
booster pump P 3 . 

[0084] FIGS.14A and 14B show the construction of 
the screw molecular pumps Pj and P 2 . 

20 [0085] Referring to FIG.1 4A, the screw molecular 
pump has a cylindrical body 51 having a pump inlet at 
an end part of the body 51 and a pump outlet on the 
sidewall of the body 51 near the bottom part. In the body 
51 , there is provided a rotor 52 shown in FIG.1 4B, and 

25 a gradational lead screw 52A is formed on the rotor 52. 
It should be noted that the gradational lead screw 52A 
has a construction in which there is a large pitch formed 
at the pump inlet part and the pitch is decreased toward 
the outlet. Associated with this, the lead angle of the 

30 screw is decreased gradually from the inlet side toward 
the outlet side. Further, the volume of the pump chamber 
is decreased gradually from the inlet side toward the out- 
let side. 

[0086] Further, the screw molecular pump of FIG.1 4A 
35 includes a motor 53 provided in the rotor 52, an angle 
detector 54 detecting the angular position of the rotor 
52 and a magnet 55 cooperating with the angle detector 
54, wherein the rotor 523 is urged toward the outlet side 
by an electromagnet mechanism 56. 
40 [0087] Such a screw molecular pump has a simple 
construction and is operable over a wide pressure range 
from the atmospheric pressure to several millitorrs with 
small electric power consumption. Further, the screw 
pump can obtain a pumping speed reaching 320mL/ 
43 min, which Is largerthan the pumping speed of conven- 
tional turbo molecular pump. 

[0088] FIG.1 5 shows the construction of a gradational 
lead screw pump (GLSP) 60 used for the intermediate 
booster pump P3 for evacuating the screw pumps P 1 

so and P 2 in the construction of FIG. 1 5. 

[0089] Referring to FIG. 1 5, the gradational lead screw 
pump includes, in a pump body 61 having an inlet 61 A 
at an end and outlets 63A and 63B at another end, a 
pair of screw rotors 62A and 62B each changing a screw 

55 pitch thereof gradually from an inlet side to an outlet side 
as shown in FIG.14B, in a meshing relationship of the 
screws, wherein the rotors 62A and 62B are driven by 
a motor 64 via gears 63A and 63B. 
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[0090] The gradational lead screw pump 60 of such a 
construction is operable over a wide pressure range 
from ordinary pressure to a low pressure of as much as 
KHTorr. and can achieve a flow rate reaching 250017 
min. 

[0091 ] I n the construction of FIG. 13, in which the sem- 
iconductor fabrication apparatus is evacuated by the 
common back pump P 4 via the intermediate booster 
pump P 3 , the back pump P 4 is operated in the most ef- 
ficient pressure range, and the electric power consump- 
tion is reduced substantially. 

[0092] FIG.16 shows the construction of the gas sup- 
plying system cooperating with each of the processing 
units A - C in the semiconductor fabrication apparatus 
40 of FIGS.7A and 7B. 

[0093] As explained before, the semiconductor fabri- 
cation apparatus 40 avoids deposition of reaction by- 
product formed associated with the substrate process- 
ing on the processing vessel 11 of the microwave plas- 
ma processing apparatus 10 by maintaining the 
processing vessel 1 1 at a temperature of about 1 50°C. 
Thus, the processing unit of FIG. 8 has a feature that the 
memory or hysteresis of the preceding processing can 
be erased completely without conducting a specific 
cleaning process. 

[0094] Thus, by using the unit 13 of FIG. 13, it be- 
comes possible to conduct different substrate process- 
ing one after another by switching the plasma gas and/ 
or process gas. For this, however, it is necessary to pro- 
vide a gas supply system that can switch the process 
gas quickly. 

[0095] Referring to FIG.16, one ortwo gases selected 
fro N 2 , Kr, Ar, hfe, NF 3t C 4 F 8l CHF 3l 0 2 , CO, HBr, SiCI 4 
and the like, are supplied to the plasma gas inlet port 
11 p provided on the processing vessel 11 in communi- 
cation with the shower plate 14 through the first and/or 
second flow rate control apparatuses FCS1 and FCS2, 
and one or more gases selected from N 2 , Kr, Ar, H 2 , N F 3 , 
C 4 F 8 , CHF 3 , 0 2 , CO, HBr, SiCI 4 and the like, are sup- 
plied to the process gas inlet port 11 r communicating 
with the process gas supply structure 30 via the third 
through seventh flow rate control apparatuses FCS3 - 
FCS7. 

[0096] Thereby, by using a flow rate control apparatus 
having a construction in which a control valve 71 , a ma- 
nometer/2, a stop valve 73 and an orifice 74 are formed 
consecutively on a straight tube 70 and by controlling 
the pressure P 2 at the downstream side of the orifice 74 
to be equal to or smaller than one-half the pressure P t 
at the upstream side of the stop valve 73 (Pi^2P 2 ), it 
becomes possible to supply the process gas instanta- 
neously with a predetermined flow rate. This is because 
there is no dead space in the flow rate control apparatus 
in which flow rate control is not possible. 
[0097] Thus, by using the flow control apparatus of 55 
FIG. 17 in the gas supply system of FIG.1 6, it becomes 
possible to switch the plasma gas or process gas instan- 
taneously depending on the type of the substrate 



processing to be conducted in the processing unit. 
[0098] In the semiconductor processing apparatus 
40, it should be noted that not only the plasma process- 
ing apparatus 10 but also the plasma processing appa- 
ratuses according to the modifications thereof, or the 
piasma processing apparatuses 1 0A and 1 0B according 
to other embodiments can also be used. 
[0099] Further, the present invention is not limited to 
the specific embodiments noted above but various var- 
iations and modifications may be made within the scope 
of the invention set forth in claims. 

INDUSTRIAL APPLICABILITY 

[01 00] According to the present invention, it is possi- 
ble to cool the shower plate and cover plate constituting 
the microwave transmission window by heat conduction 
in the thickness direction thereof, by causing the micro- 
wave antenna to make an intimate contact with the mi- 
crowave transmission window formed in a part of the 
outer wall of the processing vessel, and/or by confining 
a thermally conductive gas between the microwave an- 
tenna and the microwave transmission window. There- 
by, the cooling efficiency of the microwave plasma 
processing apparatus is improved significantly. As a re- 
sult of such cooling, accumulation of heat in the micro- 
wave transmission window by the plasma is reduced 
substantially, and as a result., the problem of excessive 
temperature rise is eliminated even in the case a low 
loss material such as Al 2 0 3 is used for the microwave 
transmission window. Thus, by using a material of low 
dielectric loss for the microwave transmission window 
in the microwave plasma processing apparatus of the 
present invention that uses a microwave antenna, it be- 
comes possible to meet for the requirement of high cool- 
ing efficiency and also the requirement of high plasma 
excitation efficiency simultaneously. 



Claims 

1 . A plasma processing apparatus, comprising: 

a processing vessel defined by an outer wall 
and having a stage for holding a substrate to 
be processed; 

an evacuation system coupled to said process- 
ing vessel; 

a plasma gas supplying part provided on said 
processing vessel as a part of said outer wall 
so as to face said substrate on said stage, said 
plasma gas supplying part comprising a shower 
plate facing said substrate on said stage at a 
first side thereof, said shower plate having a 
plasma gas passage and a plurality of aper- 
tures communicating with said plasma gas pas- 
sage, and a cover plate provided on a second 
side of said shower plate opposite to said first 
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side; 

a microwave antenna provided on said 
processing vessel in correspondence to said 
plasma gas supplying part in an intimate con- 
tact with said cover plate; and 
a microwave power source coupled to said mi- 
crowave antenna electrically, 
said microwave antenna being defined by a first 
outer surface forming a microwave radiation 
surface, said first outer surface contracting with 
said cover plate of said plasma gas supplying 
part, and a second outer surface opposing said 
first outer surface. 

2. The microwave plasma processing apparatus as 
claimed in claim 1 , wherein a contact surface be- 
tween said microwave antenna and said cover plate 
of said plasma gas supplying part is sealed in a 
manner such that a pressure thereof can be adjust- 
ed. 

3. The microwave plasma processing apparatus as 
claimed in claim 2, wherein said contact surface is 
sealed by a seal element and a pressure regulation 
valve is connected to said contact surface. 

4. The microwave plasma processing apparatus as 
claimed in claim 1 , wherein a thermally conductive 
gas is confined in a contact surface between said 
microwave antenna and said cover plate of said 
plasma gas supplying part. 

5. The microwave plasma processing apparatus as 
claimed in claim 4, wherein said thermally conduc- 
tive gas is He. 

6. The microwave plasma processing apparatus as 
claimed in claim 2, wherein said contact surface is 
maintained at a pressure lower than an atmospheric 
pressure. 

7. The microwave plasma processing apparatus as 
claimed in claim 6, wherein said contact surface is 
maintained at a pressure of about 0.8 - 0.9atm. 

8. The microwave plasma processing apparatus as 
claimed in claim 1 , further comprising a cooling part 
provided on said microwave antenna, said cooling 
part being provided on said second outer surface. 

9. The microwave plasma processing apparatus as 
claimed in claim 8, wherein said cooling part is pro- 
vided with a passage of cooling water. 

10. The microwave plasma processing apparatus as 
claimed in claim 8, wherein said cooling part is 
formed of an air-cooling mechanism. 



11. The microwave plasma processing apparatus as 
claimed in claim 1 , wherein said shower plate and 
said cover plate is formed of Al 2 0 3 . 

5 12. The microwave plasma processing apparatus as 
claimed in claim 1 , wherein there is provided a re- 
tardation plate of AlgOa, Si0 2 or S13N4 in said mi- 
crowave antenna. 

10 13. The microwave plasma processing apparatus as 
claimed in claim 1, further comprising a high-fre- 
quency power source connected to said stage. 
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14. A microwave processing apparatus, comprising: 

a processing vessel defined by an outer wall 
and having a stage for holding a substrate to 
be processed; 
an evacuation system coupled to said process- 
20 ing vessel; 

a plasma gas supplying part provided on said 
processing vessel as a part of said outer wall 
so as to face said substrate on said stage, said 
plasma gas supplying part comprising a shower 
25 plate facing said substrate on said stage at a 

first side thereof and a cover plate provided on 
a second side of said shower plate opposite to 
said first side; 

a microwave antenna provided on said 
30 processing vessel in correspondence to said 

plasma gas supplying part at an opposite there- 
of with respect to said cover plate; and 
a microwave power source coupled to said mi- 
crowave antenna electrically, 
35 a gap between said microwave antenna and 

said cover plate of said plasma gas supplying 
part being sealed by a seal element, said gap 
being filled with a thermally conductive gas. 

40 15. The microwave plasma processing apparatus as 
claimed in claim 1 4, wherein said thermally conduc- 
tive gas is formed of He. 

16. The microwave plasma processing apparatus as 
45 claimed in claim 14, further comprising a cooling 
part provided on said microwave antenna, said 
cooling part is provided on said second outer sur- 
face of said microwave antenna. 

so 17. The microwave plasma processing apparatus as 
claimed in claim 14, further comprising a high fre- 
quency power source connected to said stage. 



18. A microwave plasma processing apparatus, com- 
55 prising: 

a processing vessel defined by an outer wall 
and having a stage for holding a substrate to 
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be processed; 

an evacuation system coupled to said process- 
ing vessel; 

a plasma gas supplying part provided on said 
processing vessel as a part of said outer wall $ 
so as to face said substrate on said stage, said 
plasma gas supplying part comprising a shower 
plate facing said substrate on said stage at a 
first side thereof, said shower plate having a 
plasma gas passage and a plurality of aper- 10 
tures communicating with said plasma gas pas- 
sage, and a cover plate provided on a second 
side of said shower plate opposite to said first 
side; and 

a microwave antenna provided on said 
processing vessel in correspondence to said 
plasma gas supplying part in intimate contact 
with said cover plate; 

a microwave power source coupled to said mi- 
crowave antenna electrically, » 
a process gas supplying part disposed between 
said shower plate and said substrate on said 
stage, said process gas supplying part forming 
an opening causing to pass plasma formed 
right underneath said shower plate toward said 
substrate on said stage, 
said microwave antenna being defined by a first 
outer surface contacting said cover plate of said 
plasma gas supplying part and forming a micro- 
wave radiation surface and a second outer sur- 30 
face opposite to said first outer surface. 

19. The microwave plasma processing apparatus as 
claimed in claim 18, wherein a contact surface be- 
tween said microwave antenna and said cover plate 35 
of said plasma gas supplying part is sealed in a mat- 
ter such that a pressure thereof can be adjusted. 

20. The microwave plasma processing apparatus as 
claimed in claim 1 9, wherein said contact surface is *o 
sealed by a seal element and a pressure adjusting 
valve is connected to said contact surface. 

21. The microwave plasma processing apparatus as 
claimed In claim 1 8, wherein a thermally conductive 45 
gas is confined to a contact surface between said 
microwave antenna and said cover plate of said 
plasma gas supplying part. 

22. The microwave plasma processing apparatus as so 
claimed in claim 21 , wherein said thermally conduc- 
tive gas is formed of He. 

23. The microwave plasma processing apparatus as 
claimed in claim 1 9. wherein said contact surface is ss 
maintained at a pressure lower than an atmospheric 
pressure. 
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24. The microwave plasma processing apparatus as 
claimed in claim 23, wherein said contact surface is 
maintained at a pressure of about 0.8 - 0.9atm. 

25. The microwave plasma processing apparatus as 
claimed in claim 18, further comprising a cooling 
part provided on said microwave antenna, said 
cooling part being provided on said second outer 
surface of said microwave antenna. 

26. The microwave plasma processing apparatus as 
claimed in claim 25, wherein said cooling part has 
a passage of cooling water. 

27. The microwave plasma processing apparatus as 
claimed in claim 25, wherein said cooling part is 
formed of an air-cooling mechanism. 

28. The microwave plasma processing apparatus as 
claimed in claim 18, wherein said shower plate and 
said cover plate are formed of AI2O3. 

29. The microwave plasma processing apparatus as 
claimed in claim 1 8, wherein said microwave anten- 
na includes a retardation plate of AI2O3, SiO z or 
Si 3 N 4 . 

30. The microwave plasma processing apparatus as 
claimed in claim 18, further comprising a high fre- 
quency power source connected to said stage. 

31. A microwave processing apparatus, comprising: 

a processing vessel defined by an outer wall 
and having a stage for holding a substrate to 
be processed; 

an evacuation system coupled to said process- 
ing vessel; 

a plasma gas supplying part provided on said 
processing vessel as a part of said outer wall 
so as to face said substrate on said stage, said 
plasma gas supplying part comprising a shower 
plate facing said substrate on said stage at a 
first side thereof, said shower plate having a 
plasma gas passage and a plurality of aper- 
tures communicating with said plasma gas pas- 
sage, and a cover plate provided on a second 
side of said shower plate opposite to said first 
side; 

a microwave antenna provided on said 
processing vessel in correspondence to said 
plasma gas supplying part at an opposite side 
thereof with respect to said cover plate; 
a microwave power source coupled to said mi- 
crowave antenna electrically; and 
a process gas supplying part disposed between 
said shower plate and said substrate on said 
stage, said process gas supplying part forming 
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an opening causing to pass plasma formed 
right underneath said shower plate toward said 
substrate on said stage, 
a gap between said microwave antenna and 
said cover plate of said plasma gas supplying 
part being sealed by a seal element, said gap 
being confined with a thermally conductive gas. 

32. The microwave plasma processing apparatus as 
claimed in claim 31 , wherein said thermally conduc- 
tive gas is formed of He. 

33. The microwave plasma processing apparatus as 
claimed in claim 31, further comprising a cooling 
part provided on said microwave antenna, said 
cooling pan: being provided on said second outer 
surface of said microwave antenna. 

34. The microwave plasma processing apparatus as 
claimed in claim 31 , further comprising a high fre- 
quency power source connected to said stage. 

35. A plasma processing apparatus, comprising: 

a processing vessel defined by an outer wall 
and having a stage for holding a substrate to 
be processed; 

an evacuation system coupled to said process- 
ing vessel; 

a microwave transmission window formed on a 
part of said outer wall of said processing vessel 
so as to face said substrate on said stage; 
a plasma gas inlet part supplying a plasma gas 
into said processing vessel; 
a microwave antenna coupled to said micro- 
wave transmission window at an outer side of 
said processing vessel; and 
a microwave power source coupled to said mi- 
crowave antenna electrically, 
said microwave antenna having a microwave 
radiation surface and provided on said micro- 
wave transmission window such that said mi- 
crowave radiation surface makes a contact 
therewith. 

36. The plasma processing apparatus as claimed in 
claim 35, wherein a contact surface between said 
microwave antenna and said cover plate of said 
plasma gas supplying part is sealed in a matter such 
that a pressure therein can be adjusted. 

37. The plasma processing apparatus as claimed in 
claim 35, wherein said contact surface of said mi- 
crowave radiation surface and said microwave 
transmission window is sealed by a seal element 
and a pressure adjusting valve is connected so as 
to enable adjustment of a pressure of a contact sur- 
face between said microwave radiation surface and 



said microwave transmission window. 

38. The plasma processing apparatus as claimed in 
claim 35, wherein a thermally conductive gas is con- 

5 fined to a contact surface between said microwave 
radiation surface and said cover plate of said micro- 
wave transmission window. 

39. The plasma processing apparatus as claimed in 
10 claim 35, wherein said thermally conductive gas is 

formed of He. 

40. The microwave plasma processing apparatus as 
claimed in claim 36, wherein said contact surface is 

is maintained at a pressure lower than an atmospheric 
pressure. 

41. The plasma processing apparatus as claimed in 
claim 40, wherein said contact surface is main- 

20 tained at a pressure of about 0.8 - 0.9atm. 

42. The microwave plasma processing apparatus as 
claimed in claim 35, further comprising a cooling 
part provided on said microwave antenna, said 

25 cooling part being provided on a surface opposite 
to said microwave radiation surface. 

43. The microwave plasma processing apparatus as 
claimed in claim 42, wherein said cooling part has 

30 a passage of cooling water. 

44. The microwave plasma processing apparatus as 
claimed in claim 42, wherein said cooling part is 
formed of an air-cooling mechanism. 

35 

45. A plasma processing apparatus, comprising: 

a processing vessel defined by an outer wall 
and having a stage for holding a substrate to 
40 be processed; 

an evacuation system coupled to said process- 
ing vessel; 

a microwave transmission window provided on 
a pan: of said outer wall of said processing ves- 

45 sel so as to face said substrate on said stage; 

a plasma gas inlet part introducing a plasma 
gas into said processing vessel; 
a microwave antenna coupled to said micro- 
wave transmission window at an outer side of 

so said processing vessel; and 

a microwave power source coupled to said mi- 
crowave antenna electrically, 
a gap between a microwave radiation surface 
of said microwave antenna and said microwave 

55 transmission window is sealed by a seal ele- 

ment, said gap being filled with a thermally con- 
ductive gas. 
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46. The ptasma processing apparatus as claimed in 
claim 45, wherein said thermally conductive gas is 
formed of He. 

47. The microwave plasma processing apparatus as 5 
claimed in claim 45, further comprising a cooling 
part provided on said microwave antenna, said 
cooling part being provided on said second outer 
surface of said microwave antenna. 

10 

48. A plasma processing apparatus, comprising: 

a processing vessel defined by an outer wall 
and having a stage for holding a substrate to 
be processed; 15 
an evacuation system coupled to said process- 
ing vessel; 

a microwave transmission window provided on 
a part of said outer wall of said processing ves- 
sel so as to face said substrate on said stage; so 
a plasma gas inlet part introducing a plasma 
gas into said processing vessel; 
a microwave antenna coupled to said micro- 
wave transmission window at an outer side of 
said processing vessel; 25 
a microwave power source coupled to said mi- 
crowave antenna electrically; and 
a processing gas supplying part disposed be- 
tween said microwave transmission window 
and said substrate on said stage, said process- 30 
ing gas supplying part forming an opening 
causing plasma formed in the vicinity of said mi- 
crowave transmission window toward said sub- 
strate on said stage, 

said microwave antenna having a microwave 35 
radiation surface and is provided on said micro- 
wave transmission window such that said mi- 
crowave radiation surface makes a contact 
therewith. 

40 

49. The plasma processing apparatus as claimed in 
claim 48, wherein a contact surface between said 
microwave radiation surface and said microwave 
transmission window is sealed in a manner that a 
pressure thereof can be adjusted. 4 * 

50. The plasma processing apparatus as claimed in 
claim 48, wherein a contact surface of said micro- 
wave radiation surface and said microwave trans- 
mission window is sealed by a seal element, and so 
there is provided a pressure regulation valve in said 
processing chamber such that a pressure of a con- 
tact surface between said microwave radiation sur- 
face and said microwave transmission window is 
adjustable. 55 

51. The plasma processing apparatus as claimed in 
claim 48, wherein thermally conductive gas is con- 



fined in a contact surface between said microwave 
radiation surface and said microwave transmission 
window. 

52. The plasma processing apparatus as claimed in 
claim 51 , wherein said thermally conductive gas is 
He. 

53. The microwave plasma processing apparatus as 
claimed in claim 49, wherein said contact surface is 
maintained to a pressure lower than an atmospheric 
pressure. 

54. The plasma processing apparatus as claimed in 
claim 53, wherein said contact surface is main- 
tained to a pressure of 0.8 - 0.9atm. 

55. The microwave plasma processing apparatus as 
claimed in claim 48, further comprising a cooling 
part provided on said microwave antenna, said 
cooling part being provided on a surface of said mi- 
crowave antenna opposing said microwave radia- 
tion surface. 

56. The microwave plasma processing apparatus as 
claimed in claim 55, wherein said cooling part in- 
cludes a cooling water passage. 

57. The microwave plasma processing apparatus as 
claimed in claim 55, wherein said cooling part is 
formed of an air-cooling mechanism. 

58. The plasma processing apparatus as claimed in 
claim 48, further comprising a high-frequency pow- 
er source connected to said stage electrically. 

59. A plasma processing apparatus, comprising: 

a processing vessel defined by an outer wall 
and having a stage for holding a substrate to 
be processed; 

an evacuation system coupled to said process- 
ing vessel; 

a microwave window provided on a part of said 
outer wall of said processing vessel so as to 
face said substrate on said stage; 
a plasma gas inlet part introducing a plasma 
gas into said processing vessel; 
a microwave antenna coupled to said micro- 
wave window at an outer side of said process- 
ing vessel; 

a microwave power source coupled to said mi- 
crowave antenna electrically; and 
a process gas supplying part disposed between 
said microwave window and said substrate on 
said stage, said process gas supplying part 
forming an opening for causing plasma formed 
in the vicinity of the microwave transmission 
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window to pass toward the substrate on said 
stage, 

a gap between a microwave radiation surface 
of said microwave antenna and said microwave 
transmission window is sealed by a seal ele- s 
ment, said gap being filled with a thermally con- 
ductive gas. 

60. The plasma processing apparatus as claimed in 
claim 59, wherein said thermally conductive gas is 10 
formed of He. 

61. The microwave plasma processing apparatus as 
claimed in claim 59, further comprising a cooling 
part provided on said microwave antenna, said 
cooling part being provided on said second outer 
surface of said microwave antenna. 

62. The plasma processing apparatus as claimed in 
claim 59, further comprising a high-frequency pow- 20 
er source connected to said stage electrically. 
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